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BACKGROUND 
Building: United States Department of 
Agriculture, (USDA), Animal and 
Plant Health Inspection Service 
(APHIS) 
Address: 240 Barber Avenue, Worcester, MA 
Assessment Requested by: Gary M. Crook 
Real Property Leasing Officer 
USDA, APHIS 
Reason for Request: Mold/water damage concerns 
Date of Assessment: March 29, 2019 
Massachusetts Department of Public 
Health/Bureau of Environmental Health 
(MDPH/BEH) Staff Conducting Assessment: 
Michael Feeney, Director, Indoor Air 
Quality (IAQ) Program 
Building Description: The USDA APHIS occupies a large 
warehouse located in the Greendale 
Industrial Park, situated between 
adjacent warehouses containing 
operating businesses. This office is 
located between an auto body shop 
and furniture maker.  
Windows: Windows are openable. 
Background and Discussion 
The BEH/IAQ Program was asked to examine the APHIS due to roof leaks that are 
reported to occur during and after rainstorms. This results in moistened carpeting, ceiling tiles 
and gypsum wallboard in the director’s office. The roof of the warehouse appears to have 
multiple holes where outdoor light could be seen. Of note is that the warehouse is not air 
conditioned during hot, humid weather, unlike built-out office space.  
IAQ Testing Results 
Please refer to the IAQ Manual for methods, sampling procedures, and interpretation of 
results (MDPH, 2015). The following is a summary of testing results (Table 1). 
• Carbon Dioxide measurements were below the MDPH recommended guideline of 800 ppm 
in all but one area tested.  
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• Temperature was within the MDPH recommended range of 70°F to 78°F in offices, but 
below in other space open to the warehouse. 
• Relative humidity was below the MDPH recommended range of 40 to 60% in all areas tested 
at the time of assessment.  
• Carbon Monoxide levels were non-detectable (ND) in all areas assessed. 
• Fine particulate matter (PM2.5) concentrations measured were below the National Ambient 
Air Quality Standard (NAAQS) level of 35 micrograms per cubic meter (μg/m3) in all areas 
assessed. 
• Total Volatile Organic Compounds (TVOC) were ND in all areas tested areas. 
Ventilation 
The building has an air handling unit (AHU) that services various offices, but not the 
main warehouse. Heating, ventilating and air conditioning (HVAC) systems have the following 
functions: 
1. Provide heat. 
2. Provide chilling if equipped. 
3. Source of fresh air. 
4. Exhaust ventilation to remove stale air and other normally occurring indoor 
pollutants. 
5. Remove airborne particles by filters. 
The APHIS AHU appears to provide heat and cooling for offices and storerooms, but not 
the main warehouse floor. This AHU did not appear to have identifiable fresh air supply and 
exhaust ventilation. The AHU (Picture 1) has a filter (Picture 2) that is in a frame that lacks a 
cover. Without a cover, air and particles can bypass the filter and become aerosolized as the 
HVAC system operates. It is important to note that even if an HVAC system is operating as 
designed, point sources of respiratory irritation may exist and cause symptoms in sensitive 
individuals. 
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Microbial/Moisture Concerns 
Chronic Roof Leaks 
The USDA office is located in a location between several adjoining high, sloped 
warehouse roofs (Pictures 3 and 4). Each roof appears to direct draining rainwater to a point 
above the USDA office. The water then travels to a scupper/downspout located on an adjoining 
roof. Aerial view of the roof shows staining on the roof above the USDA office, which indicates 
frequent and chronic pooling of water in this location. Pooling water can freeze and damage roof 
material. This can result in water damage to the director’s office. Other areas of the roof have 
holes as demonstrated by outdoor light visible from inside (Picture 5). As reported by USDA 
staff, parts of the roof were replaced due to rotting timber (Picture 6). 
The USDA director’s office was chronically water-damaged as a result of roof leaks. As 
reported by USDA staff, water-damaged cellulose ceiling tiles were replaced with an expanded 
plastic (EP) type of material, similar to Styrofoam. The use of this type of ceiling tile will not 
resolve the chronic water damage occurring in this location. Water formerly absorbed by the 
cellulose ceiling tiles may pool on top of the new tile, which can then cause rain water to 
accumulate and pass through seams formed by the ceiling beam and the ceiling tile to wet 
gypsum wallboard (GW), carpeting or other materials stored on the floor that can support mold 
growth if wet. While ceiling tiles were replaced, water-damaged batts of fiberglass insulation 
were observed above the suspended ceiling (Picture 7). Fiberglass insulation can become mold 
contaminated from chronic moistening.  
Condensation 
In addition to chronic roof leaks, the USDA facility likely has issues related to 
condensation. The main warehouse area does not appear to be serviced by the AHU. Without 
mechanical ventilation, the warehouse would be considered an unconditioned space which would 
be influenced by weather conditions. As an example, the warehouse would likely be cold in 
winter months; or hot and humid in summer months.  
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Condensation likely occurred within the warehouse due to weather during the summer of 
2018.  Note that the Boston area experienced an unprecedented period of extended hot, humid 
weather. According to the Washington Post, “[d]ata…show[s]…cities in the Northeast have 
witnessed such humidity levels for record-challenging duration...[i]ncluding Albany, Boston, 
Burlington Portland and Providence” during the summer of 2018 (WP, 2018). “Boston and 
nearby locations… [saw]…historic numbers of those warm nights with low temperatures at or 
above 70 degrees…Providence and Blue Hill Observatory have already broken their annual 
records” (WP, 2018). If a building does not have adequate exhaust ventilation and air chilling 
capacity to remove/reduce relative humidity from outside air, then hot, moist air can be 
introduced into a building and linger to increase occupant discomfort as well as possibly moisten 
materials with a temperature at or below the dew point, may lead to mold growth. 
IAQ staff examined the offices and carpeting throughout the space. Of note was the 
inspector room (Pictures 8 and 9), which is a structure that consists of four free-standing GW 
walls with a suspended ceiling with EP ceiling tiles. Suspended ceilings are not air tight. In hot, 
humid conditions, it is likely that water vapor from the warehouse penetrates into this office 
through the suspended ceiling. When the AHU is operating in chilling mode, the carpeting and 
walls could have temperatures below the dew point, which would cause condensation to 
accumulate. The musty odor in this location is typical of chronically moistened carpeting. Wall-
to-wall carpeting in a number of locations were found rippled, which indicated water exposure to 
the carpet adhesive. Due to the previous use, it is likely the floor was never equipped with 
insulation or a vapor barrier between the cement and soil. In this condition, the cement floor 
frequently will have a temperature similar to the soil beneath the slab (<60°F). If the temperature 
of the cement is below the dew point, then the surface will become moistened with condensation. 
The dew point is the temperature that air must reach for saturation to occur. For example, during 
humid weather when the temperature is 85°F and relative humidity is 90%, the dew point is 
approximately 82°F. Surfaces with a temperature at or below 82°F are prone to condensation 
formation.  
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In order for mold growth to occur, materials must be exposed to chronic moisture. 
Relative humidity in excess of 70 percent for extended periods of time, even in the absence of 
other sources of water, can provide an environment for mold and fungal growth (ASHRAE, 
1989). In general, the US Environmental Protection Agency (US EPA) and the American 
Conference of Governmental Industrial Hygienists (ACGIH) recommends that porous materials 
(e.g., GW, carpeting) be dried with fans and heating within 24 to 48 hours of becoming wet (US 
EPA, 2008; ACGIH, 1989). If porous materials are not dried within this time frame, mold 
growth may occur. 
Conclusions/Recommendations 
The conditions related to water damage problems at the APHIS raise a number of issues. The 
general building conditions, maintenance, and the condition of HVAC equipment, if considered 
individually, present conditions that could degrade IAQ. When combined, these conditions can serve to 
further degrade IAQ. Some of these conditions can be remedied by actions of building occupants. Other 
remediation efforts will require alteration to the building structure and equipment. For these reasons, a 
two-phase approach is required for remediation. The first consists of short-term measures to improve air 
quality and the second consists of long-term measures that will require planning and resources to 
adequately address overall IAQ concerns. Based on the observations made during the visit, the following 
recommendations are made: 
Short Term Recommendations 
1. Repair roof leaks over all office space. 
2. After the roof is repaired, remove the water-damaged insulation from above the director’s office 
suite.  
3. Discard wall-to-wall carpeting that was installed in the inspector room that is adhered to the 
warehouse cement floor. Consider replacing with flooring that can serve as a vapor barrier and 
not be prone to mold growth (e.g., hard floor tile or carpet tile).  
4. Discard rippled wall-to-wall carpeting in offices and replace flooring that can serve as a 
vapor barrier and not be prone to mold growth (e.g., hard floor tile or carpet tile). 
5. Insulate the ceiling in the inspector room with an appropriate material. 
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6. For more information on mold refer to the US EPA’s “Mold Remediation in Schools and 
Commercial Buildings”, available at: http://www.epa.gov/mold/mold-remediation-
schools-and-commercial-buildings-guide. 
7. Refer to resource manuals and other related IAQ documents for further building-wide 
evaluations and advice on maintaining public buildings. Copies of these materials are located on 
the MDPH’s website: http://mass.gov/dph/iaq. 
Long Term Recommendations 
1. Examine the feasibility of increasing drainage from roof area above the APHIS director’s office. 
2. Examine the feasibility of replacing the warehouse roof surface to permanently repair water 
leaks. 
3. Increase the drainage of the downspout from the roof in Picture 4.  
4. Examine the feasibility of installing a fresh air supply and exhaust vent for the AHU if not 
present. 
5. Separate all air-conditioned office structures from the unconditioned warehouse space through 
the installation of insulation as well as door sweeps and weather stripping on access doors. 
6. Render the warehouse garage door as air tight as feasible using weatherstripping and insulation. 
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Picture 1 
 
Air handling unit (AHU) 
Picture 2 
 
Filter in AHU with missing cover 
 
Picture 3 
 
Roof of the various warehouses 
Picture 4 
 
Close up of multiple warehouses; X marks location of director’s office 
 
 
             Downspout 
                   
                                                                X Director’s office 
                                              Pooling water 
 
Picture 5 
 
Holes in roof 
Picture 6 
 
Replaced area of roof 
 
Picture 7 
 
Water-damaged fiberglass insulation batts above the suspended ceiling of director’s office 
Picture 8 
 
Inspector office in warehouse 
 
Picture 9 
 
Inspector office in warehouse 
 
 
 
 
Location: United States Department of Agriculture Indoor Air Results 
Address: 240 Barber Street, Worcester          Table 1  Date: 3/29/2019 
 
Location 
Carbon 
Dioxide 
(ppm) 
Carbon 
Monoxide 
(ppm) 
Temp 
(°F) 
Relative 
Humidity 
(%) 
PM2.5 
(µg/m3) 
TVOC 
(ppm) 
Occupants 
in Room 
Windows 
Openable 
Ventilation 
Remarks Supply Exhaust 
Background 302 ND 58 45 7 ND      
16 490 ND 64 32 9 ND 0 N N N  
15 419 ND 64 32 10 ND 0 N N N  
1 520 ND 69 32 6 ND 0 Y Y Y WD GW, 5+ WD CT 
1A 491 ND 66 31 6 ND 0 N Y Y 5+ CT 
12 418 ND 65 28 5 ND 0 N N N  
14 416 ND 66 27 5 ND 0 N Y N  
11 529 ND 67 28 8 ND 0 N Y Y AC, 5+ WD CT 
10 739 ND 68 37 4 ND 2 N Y Y  
8 699 ND 69 33 2 ND 0 N Y Y  
9 712 ND 71 31 2 ND 0 N Y Y  
7 772 ND 72 30 1 ND 0 N Y Y  
 
µg/m3 = micrograms per cubic meter ppm = parts per million ND = non detect WD = water-damaged 
CT = ceiling tiles GW =  gypsum wallboard   
Comfort Guidelines 
Carbon Dioxide: < 800 = preferable Temperature: 70 - 78 °F 
 > 800 ppm = indicative of ventilation problems Relative Humidity: 40 - 60% 
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Location: United States Department of Agriculture Indoor Air Results 
Address: 240 Barber Street, Worcester          Table 1 (continued)  Date: 3/29/2019 
 
Location 
Carbon 
Dioxide 
(ppm) 
Carbon 
Monoxide 
(ppm) 
Temp 
(°F) 
Relative 
Humidity 
(%) 
PM2.5 
(µg/m3) 
TVOC 
(ppm) 
Occupants 
in Room 
Windows 
Openable 
Ventilation 
Remarks Supply Exhaust 
6 837 ND 72 30 1 ND 2 Y Y   
5 782 ND 72 29 1 ND 0 Y Y N  
4 704 ND 72 28 1 ND 0 N Y N Photocopier 
3 691 ND 71 28 2 ND 0 Y Y  2 WD CT 
2 734 ND 71 30 2 ND 0 Y Y Y  
 
 
 
µg/m3 = micrograms per cubic meter ppm = parts per million ND = non detect WD = water-damaged 
CT = ceiling tiles GW =  gypsum wallboard   
Comfort Guidelines 
Carbon Dioxide: < 800 = preferable Temperature: 70 - 78 °F 
 > 800 ppm = indicative of ventilation problems Relative Humidity: 40 - 60% 
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